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We measured concentrations of free thyroxin (FT4) in serum by using two new two-step FT4 assays-a solid-phase twostep radioimmunoassay, Spectna#{174}, and a time-resolved fluoroimmunoassay, Delfia#{174}-and compared the results with those by a two-step FT4 assay (RIA-gnost#{174}), a one-step FT4 analog assay (Amerlex-M#{174}), and FT4 measured after equilibrium dialysis. The new FT4 assays classified 30 hypothyroid and 43 hyperthyroid patients (untreated) well. In 138 patients with nonthyroidal illness (NTI) and in late pregnancy (n = 36), fewer subnormal FT4 values were reported by Spectria (P <0.001), Delfia (P <0.001), and RIA-gnost (P <0.01) than by Amerlex-M. The results of the Spectna and Delfia methods correlated with the results of the dialysis method (r = 0.76) in NTI patients and pregnancy, and were in better agreement with the clinical state than was FT4 by Amerlex-M. The FT4 values by Amerlex-M, but not by other methods, correlated with albumin concentration. We conclude that these new two-step methods present good alternatives for FT4 analysis. 
Materials and Methods

Subjects
Each subject's thyroid status was established on the basis of clinical evaluation and measurement of thyrotropin (thyroid-stimulating hormone, TSH) and, if necessary, the TSH response after administration of thyroliberin (thyrotropinreleasing hormone).
Reference ranges of FF4 assays were established from measurements from 65 euthyroid subjects (33 men), mean age 34 (SD 9) years (range, 19 to 48 years).
The diagnoses of hypothyroidism
(n = 30) and hyperthyroidism (n = 43) were also influenced by Fl'4 values measured by Amerlex-M#{174} assay, because this result was available when the subjects were evaluated.
None of the hyperthyroid patients had triiodothyronine or both (n = 34). Blood was drawn in the morning. Serum was separated and kept at -20 #{176}C until assayed.
FT4 Assays
The two new immunoassay kits for FT4 in serum we evaluated were the Spectria#{174} Fr4 two-stage radioimmunoassay (Farmos Diagnostica, Turku, Finland) and Delfia#{174} Fr4 time-resolved fluoroimmunoassay (Wallac, Turku, Finland).
In the Spectria, pipet 100 L of a serum sample and 1000 L of the assay buffer 4-(2-hydroxyethyl)-1-piperazine- 
Results
Precision. Between-assay precision data for the new FF immunoassays are summarized in Table 2 . Intra-assay CVs with the Spectria F!'4 were 10.2% and 5.2% for FF values of 5.0 and 16.3 pmolfL (n = 20), respectively, Intra-assay CVs with Delfia were 9.5% and 4.6% for FF values of 6.3 and 18 pmollL, respectively (n = 24). FT4 and T4 values in hypo-, hyper-, and euthyroid sub. jects. The mean (SD), range, and 95% confidence intervalt for euthyroid subjects are presented in Table 3 . Serum T4 measured in 26 hypothyroid patients was reported at normal in one case (Figure 1 Delfia were reported as normal in four cases (of 24) and serum F!'4 measured by dialysis (n = 11) was reported as normal in two cases (Figure 2) .Total T4 was an insensitive detector for hyperthyroidism; only 67% of hyperthyroid patients had a high concentration of total T4 (Figure 1 ). FT4
values measured by Delfia and RIA-gnost were high in all cases, but Spectria and the dialysis method gave both high and normal values (Figure 2) . 
FT4assay
Amerlex#{149}M pregnant women and in 79% to 94% of the subjects in different NTI groups (Table 4) . Total T4 was low for patients who had received anticonvulsants (group 5) or had hepatic cirrhosis or renal failure (group 4). The concentration of albumin was lowest in patients with severe infection (group 2).
RIA-gnost
Pregnant women had lower mean FT4 values than did euthyroid subjects by all methods (Figures 1 and 2 
Discussion
Serum total T4 has limitations in screening for hyperthyroidism (7). In our study 33% of hyperthyroid patients had a normal T4 value. The two-step FT4 methods classified hypc and hyperthyroid patients well. Serum free T4 measured b: dialysis was normal in 18% of clinically hypothyroid patient and in 3% of hyperthyroid patients. However, technical pro): lems are encountered in the dialysis method, and precision i not as good as that with the direct FT4 methods (8) .
Most of the currently available directV!'4 methods seer to underestimate the increase in the free fraction of T4 i] serum of NT! patients (9-li) .
However, it has also beei reported that FT4 results measured with the two-step RIA agree with those of the reference method and are superio to one-step RIAs (4) . This study demonstrated substantia differences in the performance of five FT4 assays in dii ferent patient categories.
Serum FT4 of NTI patients wa within reference limits more often when measured by th two-step methods than when measured by the one-stel analog-based method, Amerlex-M. Although the correls tions between different FT4 methods were poor in NT groups, the two-step methods correlated better with th dialysis method than with Amerlex-M.
In the FT4 assays the equilibrium between free an protein bound T4 is changed after antibodies are added to th reaction mixture.
The amount of free T4 in the sample i unchanged as long as less than a small percent of total T4 i bound to the antibody (12); however, this may not be the cas One-step FT4 assays with a T4-analog tracer are sensi tive to changes in albumin concentrations because T analog is bound to albumin (3, (13) (14) (15) . This problem ha not yet been solved despite attempts to improve the RI system by adding blockers that chemically inhibit th analog-albumin binding (16, 17) . Also, FT4 with Amerle3 M was albumin-dependent in the present study. Moreovei it correlated very weakly with FT4 results measured b; dialysis method in NT! and late pregnancy groups. Thyroxin-binding globulin and total T4 are increased ii pregnancy, and FT4 concentrations reflect thyroid stati more accurately than does total T4 (18) . In this stud 
